This work is concerned with the preparation of samarium iron garnet (Sm 3 Fe 5 O 12 ) nanoparticles via an improved technique named: Modified Conventional Mixing Oxides (MCMO) method. This material was characterized by XRD, FESEM, EDX and TEM. Metal oxides and ethanol solution were used as raw materials to prepare Sm 3 Fe 5 O 12 (SmIG) material. Single-phase SmIG nanoparticles with an average particle value of 25 nm and average crystallite size value of 44 nm have been synthesized at 1350 o C via the MCMO method. SmIG powders with grain sizes below 1 µm and high purity have been presented by FESEM and EDX results, respectively. Lattice constant value of 12.535 Å and density value of 6.221 g.cm -3 , were calculated for the SmIG sample. The latter has reached around 99% of its theoretical density. The MCMO method appears to be an attractive route due to the enhancement of structural properties of the interested sample with high yield in the nano-scale product as compared to other preparation techniques.
Introduction. Garnet ferrites have attracted interest of many researchers and scientists due to their microwave and electronic applications. Yttrium iron garnet is the well known ferrimagnetic garnet materials with extensive potential applications and uses in microwave devices, electromagnetic wave absorbers and magneto-optical devices [1] . The properties desired for specific applications have been provided by controlling the preparation conditions or by the addition of appropriate substitutions to the garnet. In recent years, many researchers have focused on the study of the dependence of the physical and chemical properties on the particle size of the materials [2, [3] [4] . Sm 3 Fe 5 O 12 has a considerable interest for its potential use as a broadband material in microwave applications [5] . A variety of techniques have been used to prepare submicron to nano-crystalline of SmIG powders, including conventional mixing oxides, co-precipitation, monomode microwave and sol-gel [5, [6] [7] . Among them, the conventional mixing oxides method has been considered as the manufactured technique to prepare ferrite materials, due to the large scale of the final product compared to others [8] . But this method was not functional at the nano-scale size. MCMO process offers considerable advantages such as better mixing of the starting materials, excellent chemical homogeneity and large quantity in the nano-scale final product [9] . In this study, metal oxides and an organic compound (ethanol) were used to prepare SmIG nanopowders via MCMO method, the phase structure and microstructure observation of the sample have been studied in detail.
Experimental Procedure
Stoichiometric mixture of samarium (III) oxide, Sm 2 O 3 (Alfa Aesar, 99.9%, CAS# 12060-58-1) and iron (III) oxide, Fe 2 O 3 (Alfa Aesar, 99.5%, CAS# 1309-37-1) were used as raw materials to prepare SmIG sample via the MCMO method. These raw materials weighed according to the Sm 3 Fe 5 O 12 formula and dissolved in 150 ml ethanol absolute, C 2 H 6 O (Scharlau Chemie S. A., CAS# 64-17-5), to prepare 30 g of the SmIG sample. However, using an ethanol solution instead of water could produce nanoparticles with better homogeneity and smoother surface structure [10] . In this process, the mixture was stirred by a magnetic stirrer at 350 r.p.m until all the ethanol evaporated. The evaporation time of the ethanol during the stirring process was short, around 5 hours, due to the volatility of the ethanol. The dried sample powder placed into a high-temperature tolerant ceramic boat for the pre-sintering process at 1100 °C for 8 h in air by using an electric furnace. The resultant green powder was wet crushed for 7 hours at 400 r.p.m. using a Planetary Micromill machine (FRITSCH, PLANETARY MICRO MILL, MODEL: PULVERISETTE7). The main purpose of this process is to reduce the particle size and narrow the particle size disruption of the samples. Then, the sample was dried out in an oven at 110 o C for 24 h to remove the unneeded water. Structural characterization of the sample, treated at different temperatures of 1100 and 1350 o C for 8 h in air was carried out by using X-ray diffractometer (XRD) using a Philips X-pert type instrument with Cu K radiation and a wavelength =1.5405 Å, to confirm the garnet phase. The microstructures of the sintered SmIG sample at 1350 o C were studied using field emission scanning electron microscope (FESEM) using a JEOL JSM-6701F type instrument coupled with energy dispersive X-ray (EDX) for elemental analysis, and transmission electron microscopy (TEM) using Hitachi H7100-TEM type instrument.
Results and Discussion
Structure Characterization. Figure 1 , presented the XRD patterns of Sm 3 Fe 5 O 12 sample presintered and sintered at temperatures 1100 o C and 1350 o C respectively for 8 hours in air. The structure of the sample pre-sintered at 1100 o C exhibit low crystalline, while at 1350 o C sintering temperature clearly showed the presence of the single-phase cubic structure according to the pattern reference of SmIG, card no: 01-073-1379 [11] . All the peaks for (321), (400), (420), (422), (521), (440), (611), (444), (640), (642) and (800) where λ is the wavelength of Cu Kα radiation with 1.5405 Å and θ is the diffraction angle. The calculated value of lattice parameter of the SmIG sample presented a good agreement with the published value [11] . Density. Density value of 6.221 g.cm -3 , was calculated for the sintered SmIG sample at 1350 o C, which is in good agreement with the published value [11] , according to the formula [12] : (2) where, M = molecular mass of the sample (g/mol), N = Avogadro's number (6.02214179 x10 23 entities/mol) and, a = lattice constant (cm).
Crystallite Size. Crystallite size of SmIG sample was calculated from the XRD line broadening ( Table 2) , with an average crystallite size value of 46.29 nm, using the following Scherrer relationship [13] :
where, k = 0.9 and λ=0.15405 nm. Figure 2 . Obviously, the obtained sample is composed of grains stuck to each other with regular shapes and average grain size around 1 µm, which is lower than what was reported by others [5] . High agglomeration results in slightly big grains, due to their high surface energy [13] . Figure 3 . Oxygen, samarium and iron were the detected elements for the SmIG sample. No impurities were detected and all the elements belong to the starting materials of the sample composition, except the carbon belongs to the carbon tape and platinum came from the coating medium. This showed the advantages of the MCMO method to prepare such materials, as compared with a conventional one [12] . TEM Micrograph. A very narrow size distribution with an average particle size value of 25 nm was measured for sintered SmIG via TEM micrographs (Figure 4 ). It is very clear that the average particle size is smaller than the average crystallite size smaller than the average grain size for the SmIG sample. This implies that the particles exist as nonporous aggregates, due to their high surface energy [13] . 
Summary
Single-phase Sm 3 Fe 5 O 12 nanoparticles were successfully synthesized via the MCMO method at a 1350 o C sintering temperature with an average particle size value of 25 nm. The calculated lattice constant 'a', crystallite size and density of SmIG sample are 12.535 Å, 46.29 nm and 6.221g.cm -3 ; respectively. Grain sizes below 1 µm with no impurities detected have been confirmed via FESEM and EDX for the SmIG sample. In this study, using ethanol instead of water in the preparation of SmIG sample is the key method, due to the role of ethanol to produce nanoparticles with better homogeneity and smoother surface structure. Finally, enhancement of the structural properties of the interested sample with high yield in nano-scale product compared to other preparations techniques has been done approved via the MCMO method; although further work is needed to decrease the sintering temperature.
